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(57) 	 ABSTRACT 

Systems and methods provide a multi-layer insulation (MLI) 
that includes a plurality of sealed metalized volumes in a 
stacked arrangement, wherein the plurality of sealed metal-
ized volumes encapsulate a gas therein, with the gas having 
one of a thermal insulating property, an acoustic insulating 
property, or a combination insulating property thereof. The 
MLI also includes at least one spacer between adjacent sealed 
metalized volumes of the plurality of sealed metalized vol-
umes and a protective cover surrounding the plurality of 
sealed metalized volumes. 
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SYSTEMS AND METHODS FOR PROVIDING 
INSULATION 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH AND DEVELOPMENT 

The invention was made with government support under 
Contract Number NAS 15-1000 awarded by NASA. The U.S. 
Government has certain rights in this invention. 

BACKGROUND 

2 
FIG. 2 is a schematic illustration of an MLI structure 

formed in accordance with an embodiment. 
FIG. 3 is an illustration of an MLI blanket formed in 

accordance with an embodiment. 
5 	FIG. 4 is a schematic illustration of an MLI structure 

formed in accordance with another embodiment. 
FIG. 5 is an illustration of an aircraft having parts that may 

be insulated in accordance with various embodiments. 
FIG. 6 is an illustration of operations performed by various 

10 embodiments for providing MLI. 

The present disclosure relates generally to thermal and 
acoustic insulation, such as for aircraft or spacecraft. 

Multi-layer insulation (MLI) is routinely used for space-
craft thermal control or design and is typically constructed 15 

from multiple layers of thin sheets of material having a space 
vacuum between the individual layers. MLI is used in space-
craft to reduce heat loss by thermal radiation. However, con-
ventional MLI does not insulate against other thermal loss 
mechanisms, such as heat conduction or convection. Accord-  20 

ingly, MLI is commonly used for satellites and other appli-
cations in a vacuum where radiation is more significant than 
conduction and convection. 

Additionally, foam insulations are also used for thermal 
control or design, as well as acoustic control or design. How-  25 

ever, these foam insulations do not work in vacuum and are 
not employed for spacecraft thermal insulation. In addition, 
foams are fragile, producing particulate contamination, and 
also can be very difficult to handle under maintenance con-
ditions (normally removed and replaced). Additionally, with 30 

respect to acoustic control or design, sound baffles that reflect 
acoustic energy and active noise cancellation devices also are 
used, which also add weight and cost to the overall system. 

SUMMARY 
	

35 

In accordance with one embodiment, a multi-layer insula-
tion (MLI) is provided that includes a plurality of sealed 
metalized volumes in a stacked arrangement, wherein the 
plurality of sealed metalized volumes encapsulate a gas 40 

therein, with the gas having one of a thermal insulating prop-
erty, an acoustic insulating property, or a combination insu-
lating property thereof. The MLI also includes at least one 
spacer between adjacent sealed metalized volumes of the 
plurality of sealed metalized volumes and a protective cover 45 

surrounding the plurality of sealed metalized volumes. 
In accordance with another embodiment, a method for 

providing a multi-layer insulation (MLI) is provided. The 
method includes encapsulating a gas within a sealed metal-
ized volume, wherein the gas has one of a thermal insulating 50 

property, an acoustic insulating property, or a combination 
insulating property thereof. The method also includes stack-
ing a plurality of the sealed metalized volumes with a spacer 
between adjacent sealed metalized volumes of the plurality of 
sealed metalized volumes and placing the stacked plurality of 55 

sealed metalized volumes in a protective cover. The method 
further includes fastening the cover to secure the plurality of 
sealed metalized volumes therein. 

The features and functions discussed can be achieved inde-
pendently in various embodiments or maybe combined in yet 60 

other embodiments, further details of which can be seen with 
reference to the following description and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
65 

FIG. 1 is a simplified block diagram of multi-layer insula-
tion (MLI) formed in accordance with various embodiments. 

DETAILED DESCRIPTION 

The following detailed description of certain embodiments 
will be better understood when read in conjunction with the 
appended drawings. It should be understood that the various 
embodiments are not limited to the arrangements and instru-
mentality shown in the drawings. 

As used herein, an element or step recited in the singular 
and proceeded with the word "a" or "an" should be under-
stood as not excluding plural of said elements or steps, unless 
such exclusion is explicitly stated. Furthermore, references to 
"one embodiment" are not intended to be interpreted as 
excluding the existence of additional embodiments that also 
incorporate the recited features. Moreover, unless explicitly 
stated to the contrary, embodiments "comprising" or "hav-
ing" an element or a plurality of elements having a particular 
property may include additional such elements not having 
that property. 

Various embodiments described and/or illustrated herein 
provide systems and methods for thermal and/or acoustic 
insulation. In particular, various embodiments provide a 
multi-layer insulation (MLI), such as for terrestrial applica-
tions, that includes a sealed gas volume between each of a 
plurality of layers of the MLI structure. For example, in 
various embodiments, an MLI blanket design is provided 
having a low density (e.g., less than 0.3 lbs/ft). While the 
various embodiments may be described in connection with a 
particular application, such as an aircraft application, the 
various embodiments may be used in different applications, 
such as land, air, sea and pressurized space applications, as 
well as non-transport or non-mobile platform applications. 

More particularly, the MLI design of various embodiments 
removes vent paths within the insulation structure and instead 
encapsulates or traps gas between or within one or more 
layers (e.g., plastic film layers) to form an MLI, such as for 
terrestrial applications. By practicing various embodiments, 
heat transfer through the MLI is reduced or limited by reduc-
ing conductive, convective and radiative heat transfer. By 
practicing various embodiments, acoustic energy may be 
absorbed and/or sound transmission reduced or impeded. 

FIG.1 is a simplified block diagram of a multi-layer struc-
ture, illustrated as an MLI 20 formed in accordance with 
various embodiments. The MLI 20 generally includes plural-
ity of sealed-gas-volume layers to reduce heat or sound trans-
fer or transmission from one side of the MLI 20 to the other 
side of MLI 20, represented by the change in size and quantity 
of arrows in FIG. 1. It should be noted that the MLI 20 blocks 
or reduces the transfer or transmission of heat or sound in 
either direction across the structure forming the MLI 20. In 
some embodiments, the MLI 20 is formed as a blanket to 
facilitate removal and reinstallation. Additionally, the sealed-
gas-volume layers may be sealed areas or chambers with a gas 
sealed therein, which is selected to provide heat or acoustic 
blocking or dampening properties. 

FIG. 2 is one embodiment of an MLI 30 that may be 
provided. The MLI 30 in the illustrated embodiment is a 
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4 
thermal MLI 30 configured to block or reduced the transfer or 

	
internal volumes 40 may have a gas sealed therein in an 

transmission of heat therethrough. As can be seen, the MLI 30 
	

airtight type arrangement such that gas is prevented from 
includes a plurality of sealed volumes 32 (e.g., sealed gas 	passing or permeating out of the sealed volumes 32. In vari- 
chambers or cavities), which may be provided in a stacked 

	
ous embodiments, the plastic film layers 37 are metalized film 

arrangement, such that a plurality of sealed-gas-volume lay-  5 layers sealed around a perimeter thereof to form the sealed 
ers are thereby defined. For example, a plurality of sealed 

	
volumes 32, which in some embodiments have a thickness, 

volumes 32 may be arranged in an adjacent relationship 
	

for example, between about 0.5 mil to about 10 mil. As can be 
within a housing 33 (e.g., protective cover), which in various 	seen, a metalized surface 42 is provided on the exterior side of 
embodiments are formed from deformable or movable covers 	each of the sealed volumes 32. The metalized surface 42 may 
36, such as strong fiber cloth material, that are sewn or oth-  io be a thin metal layer, such as a 1000 angstrom (nominal) 
erwise fastened together to maintain the plurality of sealed 

	
metallization layer on one surface of the plastic film layers 37. 

volumes 32 therein. For example, in some embodiments, the 
	

For example, in some embodiments, the plastic film layers 37 
covers 36 may be formed from a beta cloth or polyaramid 

	
may be an aluminized plastic film (having aluminum on one 

laminate, among other materials. In various embodiments, 	side, which in the illustrated embodiment is on the outer 
the covers 36 are formed from a light durable material to 15 surface of the sealed volumes 32) such as Aluminum-Poly- 
construct a final sealed volume as described herein. In some 

	
imide (e.g., Al-Kapton(k) or Aluminum-Polyester (e.g., Al- 

embodiments, the covers 36 may have a thickness of between 
	

Mylar®), among others. The material used for the plastic film 
about 5 mils and about 10 mils. However, other thicknesses of 

	
layers 37 may be selected based on particular properties 

covers 36 may be provided. In various embodiments, the 
	

desired or needed. For example, if operation is not at higher 
covers 36 are formed from a material that is resistant, for 20 temperatures, an aluminized polyester may be used. How- 
example, to chemicals, cleaning agents and solvents, or dif- 	ever, if operation is at higher temperatures, an aluminized 
ferent caustic materials. The covers 36 in various embodi- 	polyimide may be used. Additionally, the materials selected 
ments are also non-flammable. 	 may be based on other properties, such as flammability char- 

The number of sealed volumes 32 within the housing 33 
	

acteristics. 
may be varied as desired or needed, and the five shown are 25 Additionally, the spacers 34 may be formed from different 
merely for illustration. For example, based on a desired or 	materials, such as a scrim cloth or foam material. For 
needed thermal resistance, additional or fewer layers may be 	example, the spacers 34 may be formed from materials such 
provided. In some embodiments, ten, twenty or more sealed 

	
as a polyaramid (e.g., Nomex(k), a polyethylene terephthalate 

volumes 32 are provided in a layered arrangement to define an 
	

(e.g., Dacron(k) or a polyimide material, among others. Addi- 
overall thermal resistance. In the illustrated embodiment, a 30 tionally, spacers 44 are provided within the sealed volumes 
spacer 34 (e.g., a segment of spacer material) is positioned 

	
32, which may be formed from similar material as the spacers 

between adjacent sealed volumes 32 to define a spacing or 
	

34. It should be noted that multiple layers of spacers 44 may 
gap therebetween formed by the thickness T of the spacer 34. 	be provided within one or more of the sealed volumes 32. 
It should be noted that although a spacing is shown between 

	
Additionally, the spacers 34 and 44 may have the same 

the spacer 34 and each of the adjacent sealed volumes 32, this 35 dimensions, for example, thickness, or different dimensions. 
is shown for ease of illustration and such a spacing is not 

	
Each of the sealed volumes 32 has a gas sealed therein. For 

necessarily provided when the sealed volumes 32 are 	example, a gas may be filled into each of the sealed volumes 
arranged and aligned within the housing 33. For example, 	32, such as a high viscosity/dense gas. In various embodi- 
when the covers 36 are sewn or fastened together (e.g., to 	ments, the viscosity and/or density may be selected, for 
define a closure to create a blanket package), the entire 40 example, based on the insulation operating temperature 
arrangement is secured together, such that the spacers 34 are 	range. In some embodiments, the density has a range between 
sandwiched between adjacent sealed volumes 32 (e.g., in 	about 1.2 and 6.2 grams per liter at 0 degrees Celsius (Air to 
abutting engagement therewith). For example, all but one of 

	
SF6) and the viscosity has a range between about 0.018 and 

the edges of the covers 36 may be stitched together to create 
	

0.024 centipoises. In one embodiment, the density is between 
an opening therein for inserting the layered structure (as 45 1.29 and 6.17 grams per liter at 0 degrees Celsius. It should be 
described herein) into an interior 35 of the covers 36, with the 	appreciated that different densities or viscosities may be pro- 
last edge then stitched together. It also should be noted that 	vided as desired or needed. In one or more embodiments, the 
the relative dimensions, for example, the thicknesses of the 	gas filled within one or more of the sealed volumes 32 is an 
various components and layers are not necessarily to scale. 	inert gas, such as Argon (Ar), Krypton (Kr), Xenon (Xe), 
The covers 36 form a protective overall assembly, such that, 50 Sulfur Hexafluoride (SF,), or air, among others, or combina- 
for example, a blanket type structure is formed that may be 	tions thereof. Additionally, different gases may be filled 
manipulated, such as installed and reinstalled as needed or 	within one or more of the sealed volumes 32. In some embodi- 
desired. In some embodiments, the overall structure has a 	ments, air, alone or in combination with one or more other 
density of about 0.3 lbs/fl 3  to about 6 lbs/ft3 . 

	 gases may be filled within the sealed volumes 32. It should be 
Thus, in various embodiments, a repeating alternating 55 noted that the sealed volumes 32 may be backfilled, such as 

arrangement of sealed volumes 32 and spacers 34 are pro- 	with air or SF,. 
vided. It should be noted that the thicknesses of the sealed 

	
In one embodiment, the layered sealed volumes 32 in the 

volumes 32 and spacers 34 may be varied as desired or 	repeating arrangement, having the spacers 34 and 44, are also 
needed. Additionally, variations are contemplated, such as 	sealed within an internal housing 46. The internal housing 46 
not providing spacers 34 between one or more adjacent sealed 60 may be formed from plastic film layers 48 that are thermally 
volumes 32. As another variation, more than one spacer 34 

	
sealed by seals 50, which may be similar to the plastic film 

may be positioned between adjacent sealed volumes 32. 	layers 37 and seals 38. The internal housing 46 may define a 
In one embodiment, the sealed volumes 32 are formed 

	
cavity or sealed volume in which the layered sealed volumes 

from plastic film layers 37 that are sealed together, such as 
	

32 are sealed and having a gas therein. For example, a gas 
using a thermal seal 38, which are illustrated as sealing of the 65 similar to the gas within the sealed volumes 32 may be pro- 
edges of the film layers 37 to form a sealed internal volume 40 

	
vided in some embodiments. In other embodiments, a differ- 

capable of holding a gas therein. For example, the sealed 
	

ent gas may be provided within the sealed volume 52 than the 
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sealed volumes 32. In the illustrated embodiment, a spacer 34 

	
volumes 132 are provided in a layered arrangement to define 

is positioned between the top and bottom sealed volumes 32 
	

an overall acoustic resistance. In the illustrated embodiment, 
and the respective plastic film layers 48. In some embodi- 	a spacer 134 is positioned between adjacent sealed volumes 
ments, the plastic film layers 48 are not metalized. 	 132 to define a spacing or gap therebetween formed by the 

Additionally, with the internal housing 46 inserted within 5 thickness T of the spacer 134. It should be noted that although 
the interior 35 of the covers 36, in some embodiments, a 	a spacing is shown between the spacer 134 and each of the 
spacer 54 is optionally provided between the internal housing 	adjacent sealed volumes 132, this is shown for ease of illus- 
46 and the covers 36. The spacer 54 may be similarly formed 

	
tration and such a spacing is not necessarily provided when 

to the spacers 34 and 44. Additionally, more than one spacer 	the sealed volumes 132 are arranged and aligned within the 
54 may be provided. 	 io housing 133. For example, when the covers 136 are sewn or 

Thus, the sealed volumes 32 create or form cavities of gas 
	

fastened together (e.g., to define a closure to create a blanket 
with metalized surfaces 42 (e.g., metalized films) that are 	package), the entire arrangement is secured together, such 
made impermeable to gas transfer from within the sealed 

	
that the spacers 134 are sandwiched between adjacent sealed 

volumes 32 to outside the sealed volumes 32. The spacers 34 
	

volumes 132 (e.g., in abutting engagement therewith). For 
are additionally provided in various embodiments to maintain 15 example, all but one of the edges of the covers 136 may be 
the sealed volumes 32 with a gap therebetween such that 	stitched together to create an opening therein for interesting 
adjacent sealed volumes 32 are not in direct contact with each 

	
the layered structure (as described herein) into an interior 135 

other. Each of the sealed volumes 32 may be filled or over- 	of the covers 136, with the last edge then stitched together. It 
filled as desired or needed. Additionally, by adding layers, 	also should be noted that the relative dimensions, for 
namely by adding layers of sealed volumes 32, additional 20 example, the thicknesses of the various components and lay- 
thermal insulation is provided in various embodiments. 	ers are not necessarily to scale. The covers 136 form a pro- 

FIG. 3 illustrates an MLI blanket 100 that may be formed 
	

tective overall assembly, such that, for example, a blanket 
in accordance with various embodiments. The MLI blanket 

	
type structure is formed that may be manipulated, such as 

100 may be embodied as the MLI 20, 30 or 130 having an 
	

installed and reinstalled as needed or desired. In some 
internal structure with repeating sealed gas volumes and an 25 embodiments, the overall structure has a density of about 0.3 
outer surface 102 formed from a light and durable material, 	lbs/fl3  to about 6 lbs/fl3 . 

such as a cloth material as described in more detail herein. As 
	

Thus, in various embodiments, a repeating alternating 
should be appreciated, the dimensions, including the size and 

	
arrangement of sealed volumes 132 and spacers 134 are pro- 

shape of the MLI blanket 100 may be varied as desired or 	vided. It should be noted that the thicknesses of the sealed 
needed. Additionally, the selection of the number of layers of 30 volumes 132 and spacers 134 may be varied as desired or 
sealed gas volumes may be based on thermal or acoustic 	needed. Additionally, variations are contemplated, such as 
insulation characteristics (e.g., an amount of thermal insula- 	not providing spacers 134 between one or more adjacent 
tion or acoustic insulation) desired or needed, as well as the 	sealed volumes 132. As another variation, more than one 
space constraints into which the MLI blanket 100 is to be 	spacer 134 may be positioned between adjacent sealed vol- 
installed. Thus, by adding more layers in series, a different 35 umes 132. 
amount of thermal or acoustic insulation may be provided. 	In one embodiment, the sealed volumes 132 are formed 

FIG. 4 is another embodiment of an MLI 130 that may be 
	

from plastic film layers 137 that are sealed together, such as 
provided. The MLI 130 in the illustrated embodiment is an 	using a thermal seal 138, which are illustrated as sealing of the 
acoustic MLI 130 configured to block or reduce the transfer or 	edges of the film layers 137 to form a sealed internal volume 
transmission of acoustic energy therethrough, such as to 40 140 capable of holding a gas therein. For example, the sealed 
absorb acoustic energy and impede sound transmission. As 

	
internal volumes 140 may have a gas sealed therein in an 

can be seen, the MLI 130 includes a plurality of sealed vol- 	airtight type arrangement such that gas is prevented from 
umes 132 (e.g., sealed gas chambers), which maybe provided 

	
passing or permeating out of the sealed volumes 132. In 

in a stacked arrangement, such that a plurality of sealed-gas- 	various embodiments, the plastic film layers 137 are metal- 
volume layers are thereby defined. For example, a plurality of 45 ized film layers sealed around a perimeter thereof to form the 
sealed volumes 132 may be arranged in an adjacent relation- 	sealed volumes 132, which in some embodiments have a 
ship within a housing 133, which in various embodiments are 	thickness, for example, between about 0.5 mil to about 10 mil. 
formed from deformable or movable covers 136, such as 

	
As can be seen, a metalized surface 142 is provided on the 

strong fiber cloth material, that are sewn or otherwise fastened 
	

outside of each of the sealed volumes 132. The metalized 
together to maintain the plurality of sealed volumes 132 50 surface 142 may be a thin metal layer, such as a 1000 ang- 
therein. For example, in some embodiments, the covers 136 

	
strom (nominal) metallization layer on one surface of the 

may be formed from a beta cloth or polyaramid laminate, 	plastic film layers 137. For example, in some embodiments, 
among other materials. In various embodiments, the covers 	the plastic film layers 137 may be an aluminized plastic film 
136 are formed from a light durable material to construct a 

	
(having aluminum on one side, which in the illustrated 

final sealed volume as described herein. In some embodi-  55 embodiment is on the outer surface of the sealed volumes 
ments, the covers 136 may have a thickness of between about 

	
132) such as Al-polyimide orAl-polyester, among others. The 

5 mils and about 10 mils. However, other thicknesses of 
	

material used for the plastic film layers 137 may be selected 
covers 136 may be provided. In various embodiments, the 

	
based on particular properties desired or needed. For 

covers 136 are formed from material that is resistant, for 	example, if operation is not at higher temperatures, an alumi- 
example, to chemicals, cleaning agents and solvents, as well 6o nized polyester may be used. However, if operation is at 
as different caustic materials. The covers 136 in various 

	
higher temperatures, an aluminized polyimide may be used. 

embodiments are also non-flammable. 	 Additionally, the materials selected may be based on other 
The number of sealed volumes 132 within the housing 133 

	
properties, such as flammability characteristics. 

may be varied as desired or needed, and the five shown are 
	

Additionally, the spacers 134 may be formed from differ- 
merely for illustration. For example, based on a desired or 65 ent material, such as a scrim cloth or foam material. For 
needed acoustic resistance, additional or fewer layers may be 	example, the spacers 134 may be formed from materials such 
provided. Is some embodiments, ten, twenty or more sealed 

	
as polyaramid, polyethylene terephthalate or polyimide, 
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among others. Additionally, spacers 144 are provided within 
the sealed volumes 132, which may be formed from similar 
material as the spacers 134. It should be noted that multiple 
layers of spacers 144 may be provided within one or more of 
the sealed volumes 132. Additionally, the spacers 134 and 144 
may have the same dimensions, for example, thickness, or 
different dimensions. 

Each of the sealed volumes 132 has a gas sealed therein. 
For example, a gas may be filled into each of the sealed 
volumes 132, such as a high viscosity/dense gas. In some 
embodiments, the gas fill within one or more of the sealed 
volumes 132 is an inert gas, such as Argon (Ar), Krypton (Kr), 
Xenon (Xe), Sulfur Hexafluoride (SF,), or air, among others, 
or combinations thereof. Additionally, different gases may be 
filled within one or more of the sealed volumes 132. In some 
embodiments, air, alone or in combination with one or more 
other gases may be filled within the sealed volumes 132. 

In one embodiment, the layered sealed volumes 132 in the 
repeating arrangement, having the spacers 134 and 144, are 
also sealed within an internal housing 146. The internal hous-
ing 146 may be formed from plastic film layers 148 that are 
thermally sealed by seals 150, which may be similar to the 
plastic film layers 137 and seals 138. The internal housing 
146 may define a cavity or sealed volume in whichthe layered 
sealed volumes 132 are sealed and having a gas therein. For 
example, a gas similar to the gas within the sealed volumes 
132 may be provided in some embodiments. In other embodi-
ments, a different gas may be provided within the sealed 
volume 152 than the sealed volumes 132. In the illustrated 
embodiment, a spacer 134 is positioned between the top and 
bottom sealed volumes 132 and the respective plastic film 
layers 148. In some embodiments, the plastic film layers 148 
are not metalized. 

Additionally, with the internal housing 146 inserted within 
the interior 135 of the covers 136, in some embodiments, a 
spacer 154 is optionally provided between the internal hous-
ing 146 and the covers 136. The spacer 154 may be similarly 
formed to the spacers 134 and 144. Additionally, more than 
one spacer 154 may be provided. 

Thus, the sealed volumes 132 create or form cavities of gas 
with metalized surfaces 142 (e.g., metalized films) that are 
made impermeable to gas transfer from within the sealed 
volumes 132 to outside the sealed volumes 132. The spacers 
134 are additionally provided in various embodiments to 
maintain the sealed volumes 132 with a gap between such that 
adjacent sealed volumes 132 are not in direct contact with 
each other. Each of the sealed volumes 132 may be filled or 
overfilled as desired or needed. Additionally, by adding lay-
ers, namely by adding layers of sealed volumes 132, addi-
tional acoustic isolation/dampening is provided in various 
embodiments. 

The MLI 20, 30 or 130 may be used in different applica-
tions, for example, in the pressurized volume of a spacecraft 
or within the wing of an aircraft (e.g., duct and spar insula-
tion). However, the MLI 20, 30 or 120 may be used anywhere 
within the aircraft or airframe where insulation is desired or 
needed. The MLI 20, 30 or 120 may be used in different 
applications as well, such as for an emergency blanket, an 
insulating blanket, an insulation wrap, or a drink cooler, 
among others. Additionally, the blanket structure of the MLI 
20, 30 or 120 may be removed and then reinstalled without 
damage to the insulative material. Additionally, it should be 
noted that one or more of the various embodiments may be 
combined, for example, to provide an MLI having thermal 
and acoustic blocking or insulating properties. 

As described above, the various embodiments may be used 
to insulate parts in a wing or any other assembly such as an 

8 
aircraft. For example, FIG. 5 illustrates an aircraft 200 having 
parts that may be insulated using various embodiments 
described above. The aircraft 200 includes a propulsion sys-
tem 210 that includes two turbofan engines 212. The engines 

5  212 are carried by the wings 214 of the aircraft 200. In other 
embodiments, the engines 212 may be carried by the fuselage 
216 and/or the empennage 218. The empennage 218 can also 
support horizontal stabilizers 220 and a vertical stabilizer 
222. 

10 Various embodiments also provide a method 250 as shown 
in FIG. 6 for providing an MLI, which may be a thermal or 
acoustic MLI, or a combination thereof. The MLI may be 
formed or constructed to be embodied as the MLI 20, 30 or 

15  130, for example. The method 250 includes encapsulating a 
volume of high viscosity/dense gas within a sealed metalized 
plastic envelope comprising metalized plastic film layers at 
252. In some embodiments the gas has a low thermal conduc-
tivity, a low acoustic conductivity or a combination thereof. 

20 The sealed metalized plastic envelope may take different 
shapes and forms, for example, the sealed volumes 32 as 
described in more detail herein. The gas is encapsulated in a 
structure that maintains the gas therein and prevents or 
reduces the likelihood of gas transfer out of the structure. The 

25 structure and sealing arrangement may be provided using any 
suitable means, which may be based on, for example, the 
operating environment for the MLI (e.g., temperature orpres-
sure of the environment). 

The method 250 also includes encapsulating a segment of 
30 spacer material within the sealed metalized plastic envelope 

at 254. For example, as described herein, the spacer 44 may be 
positioned within the sealed volume 32. It should be noted 
that the spacer may be formed from a low thermal conductiv-
ity or low acoustic conductivity material, or a combination 

35 thereof as described herein. The spacer may be formed in 
some embodiments from a foam material. The sealed volume 
32 may be sealed using a thermal sealing process. 

The method 250 further includes stacking a plurality of the 
sealed metalized plastic envelopes with interlayer segments 

40 of spacer material at 256. For example, one or more spacers, 
such as the spacers 34, may be positioned between adjacent 
sealed metalized plastic envelopes. It should be noted that the 
various layers, such as the sealed metalized plastic envelope 
and the spacers may be coupled together in different ways, for 

45 example, using an adhesive or glue, or may be held together 
by covers on either side of the sealed metalized plastic enve-
lopes. The number of layers of sealed metalized plastic enve-
lopes and spaces may be varied based on desired or needed 
thermal or acoustic properties. 

50 	The method 250 additionally includes placing the stacked 
plurality of sealed metalized plastic envelopes (stacked 
sealed metalized volumes) and interlayer segments of spacer 
material between covers at 258. For example, protective cloth 
covers may be used to encase the plurality of sealed metalized 

55 plastic envelopes and spacers to form an MLI blanket as 
described herein. The edges of the covers are fastened 
together to secure the plurality of sealed metalized plastic 
envelopes and spacers therein at 260. It should be noted that 
the edges may initially be coupled together leaving an open- 

60 ing for inserting the stacked arrangement of sealed metalized 
plastic envelopes therein and then the opening coupled 
together to form a secure inner compartment that may form an 
insulation blanket. The edges may be secured together, for 
example, by sewing, gluing, chemical adhesion, thermal 

65 adhesion, mechanical fastening or friction welding, among 
other methods. It should be noted that these method also may 
be used to secure or form other cavities or volumes of the 
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various embodiments. The insulation blanket may be used as 
a multi-layer thermal or acoustic insulation. 

Thus, various embodiments provide multi-layer thermal or 
acoustic insulation that may have different degrees of insula-
tion based on the number of layers used and the gases sealed 
within internal volumes of the MLI. 

It is to be understood that the above description is intended 
to be illustrative, and not restrictive. For example, the above-
described embodiments (and/or aspects thereof) may be used 
in combination with each other. In addition, many modifica-
tions may be made to adapt a particular situation or material 
to the teachings of the various embodiments without depart-
ing from the scope thereof. Dimensions, types of materials, 
orientations of the various components, and the number and 
positions of the various components described herein are 
intended to define parameters of certain embodiments, and 
are by no means limiting and are merely exemplary embodi-
ments. Many other embodiments and modifications within 
the spirit and scope of the claims will be apparent to those of 
skill in the art upon reviewing the above description. The 
scope of the various embodiments should, therefore, be deter-
mined with reference to the appended claims, along with the 
full scope of equivalents to which such claims are entitled. In 
the appended claims, the terms "including" and "in which" 
are used as the plain-English equivalents of the respective 
terms "comprising" and "wherein." Moreover, in the follow-
ing claims, the terms "first," "second," and "third," etc. are 
used merely as labels, and are not intended to impose numeri-
cal requirements on their objects. Further, the limitations of 
the following claims are not written in means-plus-function 
format and are not intended to be interpreted based on 35 
U.S.C. §112, sixth paragraph, unless and until such claim 
limitations expressly use the phrase "means for" followed by 
a statement of function void of further structure. 

What is claimed is: 
1. A multi-layer insulation (MLI) comprising: 
a plurality of sealed metalized volumes in a stacked 

arrangement, the plurality of sealed metalized volumes 
encapsulating a gas therein, the gas having one of a 
thermal insulating property, an acoustic insulatingprop-
erty, or a combination insulating property thereof, 

at least one first spacer between adjacent sealed metalized 
volumes of the plurality of sealed metalized volumes, 
wherein the at least one first spacer is outside of each of 
the plurality of sealed metalized volumes; 

at least one second spacer within at least one of the plurality 
of sealed metalized volumes; and 

a protective cover surrounding the plurality of sealed met-
alized volumes, wherein the protective cover defines an 
interior space that contains the plurality of sealed met-
alized volumes and the at least one first spacer, and 
wherein the protective cover retains one of the gas or 
another gas within the interior space around the plurality 
of sealed metalized volumes and the at least one first 
spacer. 

2. The MLI of claim 1, further comprising a plurality of 
second spacers, wherein at least one of the plurality of second 
spacers is within each of the plurality of sealed metalized 
volumes. 

3. The MLI of claim 1, wherein the plurality of sealed 
metalized volumes comprise metalized plastic film layers 
sealed together, the metalized plastic film layers having a 
metalized surface, wherein the metalized surface is posi-
tioned on an exterior side of the plurality of sealed metalized 
volumes. 

10 
4. The MLI of claim 1, wherein the gas is one of Argon 

(Ar), Krypton (Kr), Xenon (Xe), Sulfur Hexafluoride (SF,), 
or a combination thereof. 

5. The MLI of claim 1, wherein the plurality of sealed 
5 metalized volumes comprises one of Al-polyimide, Al-poly-

ester, or aluminized plastic film with aluminum on one side 
thereof. 

6. The MLI of claim 1, wherein each of the at least one first 
spacer and the at least one second spacer comprises a pol-

io yaramid, polyethylene terephthalate,polyimide material, ora 
combination thereof. 

7. The MLI of claim 1, wherein the covers comprise at least 
one of beta cloth or polyaramid laminate material. 

8. A method for providing a multi-layer insulation (MLI), 
15 the method comprising: 

disposing a first spacer within a sealed metalized volume; 
encapsulating a gas within the sealed metalized volume, 

the gas having one of a thermal insulating property, an 
acoustic insulating property, or a combination insulating 

20 	property thereof, 
stacking a plurality of the sealed metalized volumes with a 

second spacer between adjacent sealed metalized vol-
umes of the plurality of sealed metalized volumes, 
wherein the second spacer is outside of each of the 

25 	plurality of sealed metalized volumes; 
surrounding the stacked plurality of sealed metalized vol-

umes with a protective cover; and 
retaining one of the gas or another gas within an interior 

space of the protective cover that surrounds the stacked 
30 plurality of sealed metalized volumes, wherein one of 

the gas or another as are retained around the plurality of 
sealed metalized volumes and the second spacer. 

9. The method of claim 8, further comprising using as the 
plurality of sealed metalized volumes a plurality of metalized 

35 plastic film layers sealed together, the metalized plastic film 
layers having a metalized surface, wherein the metalized 
surface is positioned on an exterior side of the plurality of 
sealed metalized volumes. 

10. The method of claim 8, further comprising using as the 
40 gas one of Argon (Ar), Krypton (Kr), Xenon (Xe), Sulfur 

Hexafluoride (SF,), or a combination thereof. 
11. The method of claim 8, further comprising using sealed 

metalized volumes formed form one of aluminum-polyimide, 
aluminum-polyester, or aluminized plastic film with alumi- 

45 num on one side thereof. 
12. The method of claim 8, further comprising using as the 

first and second spacer a material comprising one of polyara-
mid, polyethylene terephthalate, or polyimide and using cov-
ers formed from one of beta cloth or polyaramid laminate 

50 material. 
13. An insulating blanket comprising: 
a plurality of sealed metalized volumes in a stacked 

arrangement, the plurality of sealed metalized volumes 
encapsulating a gas therein, the gas having one of a 

55 thermal insulating property, an acoustic insulating prop-
erty, or a combination insulating property thereof; 

at least one spacer between adjacent sealed metalized vol-
umes of the plurality of sealed metalized volumes, 
wherein the at least one spacer is outside of each of the 

60 	plurality of sealed metalized volumes; and 
a protective cover surrounding the plurality of sealed met-

alized volumes to form a blanket having insulating prop-
erties from the plurality of sealed metalized volumes 
therein, wherein the protective cover defines an interior 

65 space that contains the plurality of sealed metalized 
volumes and the at least one spacer, and wherein the 
protective cover retains one of the gas or another gas 
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within the interior space around the plurality of sealed 
metalized volumes and the at least one spacer. 

14. The MLI of claim 1, wherein the MLI is devoid of any 
vent path. 

15. The insulating blanket of claim 13, wherein the insu- 5 

lating blanket is devoid of any vent path. 
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